The relativistic symmetries of the Dirac equation within the framework of spin and pseudospin symmetries is investigated for DengFan potential including the Coulomb-like and Hulthen-type potential tensor interaction terms. The energy eigenvalues and the corresponding wave function are obtained using the parametric generalization of NikiforovUvarov method. We have also reported some numerical results and gures to show the eect of the tensor interactions.
Introduction
The DengFan potential [1, 2] discovery more than 50 years ago is the simplest modied form of the Morse potential and is related to the ManningRosen and Eckart potentials. This potential is used to describe diatomic molecular energy spectra and electromagnetic transition and is usually regarded as the true internuclear potential in diatomic molecules [36] . In recent years there are lots of papers which discuss the spin and pseudospin symmetries in the Dirac equation with various potentials including WoodSaxon, harmonic, Yukawa, hyperbolic and others [718] . The spin and pseudospin symmetries of the Dirac Hamiltonian had been discovered many years ago, however, these symmetries have recently been recognized empirically in nuclear and hadronic spectroscopy [1922] . Within the theory of the Dirac equation, pseudospin symmetry is used to feature deformed nuclei and superdeformation to establish an eective shell model [23] . On the other hand, the spin symmetry is relevant for mesons [24] .
It was shown that the exact pseudospin symmetry occurs in the Dirac equation when dΣ (r) dr = 0, i.e. Σ (r) = V (r) + S(r) = c ps = const, where V (r), S(r) are repulsive and attractive scalar potentials, respectively. On the other hand, the exact spin symmetry occurs in the Dirac equation when d∆(r) dr = 0, where ∆(r) = V (r) − S(r) = c s = const. The pseudospin symmetry usually refers to as a quasi-degeneracy of single nucleon doublets with non-relativistic quantum number n, l, j = l + 1 2 and n − 1, l + 2, j = l + 3 2 , where n, l, and j are single nucleon radial, orbital, and total angular quantum numbers, respectively. The total angular momentum is j =l +s, wherel = l + 1 is a * corresponding author; e-mail: ndemikotphysics@gmail.com pseudo-angular momentum ands is pseudospin angular momentum. Similarly, the tensor interaction term was introduced into the Dirac equation with the replacement p → p− i M ωβ ·rU (r) and a spinorbit coupling is added to the Dirac Hamiltonian [25] .
The NikiforovUvarov method
The NU method can solve a second-order dierential equation of the form [2631]:
where σ(s) andσ(s) are polynomials, at most of second degree, andτ (s) is a rst-degree polynomial. To make the application of the NU method simpler and more direct, we introduce a more compact presentation of the idea. In order to do this, we rewrite Eq. (1) as follows:
in which
Comparing Eq. (2) with Eq. (3), we obtain the following identications:
Following the NU method, we obtain the following required parameters:
(i) the relevant constant 
(iii) the energy equation
(iv) the wave functions
where
, and x ∈ [−1, 1] are the Jacobi polynomials with
and N nκ is a normalization constant. Also, the above wave functions can be expressed in terms of the hypergeometric function via 
Theory of Dirac equation
The Dirac equation for spin 1 2 particles moving in an attractive scalar potential S(r), a repulsive vector potential V (r) and a tensor potential U (r) in the relativistic unit ( = c = 1) is
where E is the relativistic energy of the system, p = −i∇ is the three-dimensional momentum operator and M is the mass of the fermionic particle. α, β are the 4 × 4 Dirac matrices given as
where I is 2 × 2 unitary matrix and σ i are the Pauli three-vector matrices
The eigenvalues of the spinorbit coupling operator are
≺ 0 for unaligned j = l − 1 2 and the aligned spin j = l + 1 2 , respectively. The set (H, K, J 2 , J z ) forms a complete set of conserved quantities. Thus, we can write the spinors as
where F nκ (r), G nκ (r) represent the upper and lower components of the Dirac spinors. Y l jm (θ, ϕ), Yl jm (θ, ϕ) are the spin and pseudospin spherical harmonics and m is the projection on the z-axis. Using well-known identities
as well as the relations
we nd the following two coupled rst-order Dirac equation:
Eliminating F nκ (r) and G nκ (r) in Eqs. (23) and (24), we obtain the second-order Schrödinger-like equation
where κ(κ − 1) =l(l + 1), κ(κ + 1) = l(l + 1).
Pseudospin and spin symmetry limits
In this section, we intend to investigate the the Dirac equation with DengFan potential in the presence of the CoulombHulthen tensor interactions.
Pseudospin symmetry in the Dirac equation
The pseudospin symmetry occurs in the Dirac equation when dΣ (r) dr = 0 or equivalently Σ (r) = C ps = const. In order to investigate the approximate analytical solution of the DengFan potential, we consider the sum of the scalar and vector potential as [1] ,
where r c is the distance from the equilibrium position.
In addition, we proposed a novel generalized tensor interaction of the form
where U C (r) and U H (r) are the Coulomb-like and Hulthen-like potentials [32] dened as
with
where R e is the Coulomb radius, z a and z b denote the charges of the projectile a and the target nuclei b and V H is the depth of the Hulthen potential. Substituting Eq. (32) into Eq. (31), we obtained our proposed GTI as
Substituting the above equations into Eq. (28) yields
1 − e −ηr − ε 2 ps + β ps 1 − be
where (1 − e −ηr ) 2 ,
Substituting Eqs. (37) into Eq. (34) in view of the transformation, z = e −ηr , yields
Spin symmetry in the Dirac equation
In the spin symmetry limit condition, we take the sum potential Σ (r) as the DengFan potential, the dierence potential ∆(r) as constant and the tensor potential U (r) as the CoulombHulthen term. Thus, we have the following:
Substituting Eq. (43) into Eq. (27) yields 
4.3. Pseudospin and spin symmetry solutions We will solve the solutions of Eqs. (39) and (45) by using the parametric generalization of the NU method in the subsequent section.
4.4. Pseudospin symmetry solution Now comparing Eq. (2) with Eq. (39), we obtain
(50) Other parameters can be obtained from Eq. (5) as
Substituting Eqs. (50) and (51) into Eq. (10) yields
From Eqs. (14) and (15) 
and the other component of the wave function can be obtained as 4.5. Spin symmetry solution In order to avoid repetition, we applied the same procedure for the spin symmetry limits. The energy eigenvalues equation and the corresponding upper wave function of the Dirac theory for the hyperbolical potential in the presence of generalized tensor interaction are obtained as
where N s n,κ is the normalization constant. The other component of the Dirac spinor can be found as
Discussion and numerical results
From Eq. (52) and Eq. (55), we have calculated the energy of the symmetry limits and reported in Tables I  and II where we can see degeneracies between the states in the absence of tensor interaction, in the states (1s 1/2 , 0d 3/2 ), (1p 3/2 , 0f 5/2 ), . . . in pseudospin symmetry and the states (0p 1/2 , 0p 3/2 ), (0d 3/2 , 0d 5/2 ) . . . in spin symmetry limit. When H c = V H = 0.5, these degeneracies disappear.
The eect of tensor interaction on the upper and lower components of the Dirac equation is represented in Figs. 1  and 2 for the symmetries.
To show the eect of parameter η on the energy of the pseudospin and spin symmetries we have represented Fig. 3 . It is obvious that as η increases the energy of pseudospin (spin) symmetry decreases (increases). Figure 4 shows the behavior of the energy of the system versus D for the symmetries. In the presence of tensor interaction, we have plotted the energy of the system vs. b and V H in Figs. 5 and 6. It is seen in Fig. 5 that although pseudospin bound-states become less bounded with increasing b, the spin partners behave in a reverse way. 
Conclusions
In the present paper, we have obtained the approximate solutions of the Dirac equation for the DengFan potential including the CoulombHulthen tensor interactions in the framework of pseudospin and spin symmetry limits using the parametric generalization of NU method. We have obtained the energies eigenvalues and the corresponding lower and upper wave functions expressed in terms of the hypergeometric functions.
We have also computed the numerical results of our work and it shows that the presence of the combined CoulombHulthen potentials remove the degeneracies between two states in spin and pseudospin doublets. To the best of our knowledge the Dirac equation with the DengFan potential under the CoulombHulthen tensor interactions had not been considered before using the NU method or any known method. Finally, the results of our work nds many applications in both nuclear, hadron and high energy physics.
